The authors evaluated associations between occupational exposures in the textile industry and the risks of esophageal cancer and stomach cancer. The authors conducted a case-cohort study nested in a cohort of female textile workers in Shanghai, China. One hundred and two workers with incident esophageal cancer and 646 workers with incident stomach cancer diagnosed between 1989 and 1998 were compared with an age-stratified reference subcohort (n ¼ 3,188). Work histories were ascertained for all study subjects from factory personnel records or interviews. Exposures were reconstructed for chemicals and dusts by linking work history data with a job-exposure matrix developed for the Shanghai textile industry. Hazard ratios and 95 percent confidence intervals were calculated with Cox proportional hazards modeling adapted for the case-cohort design. Risk of esophageal cancer was associated with long-term (10 years) exposure to silica dust (hazard ratio ¼ 15.8, 95% confidence interval: 3.5, 70.6) and metals (hazard ratio ¼ 3.7, 95% confidence interval: 1.9, 7
In 2002, the worldwide numbers of incident cases of esophageal and stomach cancer in women were estimated to be 146,000 and 329,000, respectively (1) . The burden of these two cancers is a particular concern in developing countries, where they constitute a substantially larger proportion of all cancer cases than in developed countries (1) . In China, these two cancers are estimated to represent 19.7 percent of all incident cancer cases diagnosed among women in 2005 (2) .
Established risk factors for esophageal cancer include cigarette smoking, alcohol consumption, and Barrett's esophagus, resulting from gastroesophageal reflux disease (3) . Helicobacter pylori infection is the predominant established risk factor for stomach cancer (4, 5) ; other potential risk factors include dietary factors (i.e., low intakes of fruit and vegetables and high intakes of salt and cured foods) and exposure to high-dose ionizing radiation (4) .
Few occupational exposures have been consistently associated with either esophageal cancer or stomach cancer. Polycyclic aromatic hydrocarbons, silica, and mixed dusts have been consistently shown to increase risk of esophageal cancer (6) (7) (8) (9) (10) (11) (12) . A decreased risk of stomach cancer has been reported among education employees (13) and technical workers (14) . Although several agents have been hypothesized as potential risk factors for stomach cancer, no clear associations have been established.
Previous research on these two cancers among female textile workers has been limited and inconclusive. Simpson et al. (15) detected a proportionate increased risk of stomach cancer incidence among textile spinners, doublers, and twisters (proportional incidence ratio ¼ 1.5, 95 percent confidence interval (CI): 1.2, 1.9) and textile winders and reelers (proportional incidence ratio ¼ 1.4, 95 percent CI: 1.0, 1.7). In contrast, Aragones et al. (13) detected a significantly decreased risk of stomach cancer among female sewers (relative risk ¼ 0.7, 95 percent CI: 0.6, 1.0) but not among textile workers in general (relative risk ¼ 1.0, 95 percent CI: 0.7, 1.6). Neither study investigated associations with esophageal cancer. Moreover, these studies did not consider associations with specific textile industry chemicals or physical agents.
Weiderpass et al. (6) reported a modestly increased risk of esophageal cancer associated with textile dust among women in the highest exposure category (relative risk ¼ 1.3, 95 percent CI: 0.9, 1.8), although there was no association between stomach cancer and textile dust (relative risk ¼ 1.0, 95 percent CI: 0.9, 1.2). The type of textile dust studied was not specified. We previously reported lower-than-expected rates of esophageal cancer (standardized incidence ratio ¼ 0.5, 95 percent CI: 0.4, 0.7) and stomach cancer (standardized incidence ratio ¼ 0.8, 95 percent CI: 0.7, 0.9) in the cohort of female textile workers on which this study is based (16) .
In this report, we present findings from analyses of associations between occupational exposures in the Shanghai, China, textile industry and cancers of the esophagus and stomach. Our aim was to investigate previously reported associations and to identify potentially important new associations between occupational exposures and these two cancers in the textile industry.
MATERIALS AND METHODS

Study subjects
Details on the enumeration and follow-up of the cohort have been published elsewhere (17, 18) . Briefly, in 1989-1991, 267,400 active and retired female workers from 526 textile factories operated by the Shanghai Textile Industry Bureau (STIB) were enrolled in a randomized trial of breast self-examination. The cohort was restricted to women born between January 1, 1925, and December 31, 1958 . A baseline questionnaire elicited data on several risk factors, including smoking history, alcohol consumption, and reproductive history.
Cancer incidence was ascertained for the period ranging from enrollment in the trial through December 31, 1998. We identified 103 cases of esophageal cancer (International Classification of Diseases, Ninth Revision, code 150) and 653 cases of stomach cancer (International Classification of Diseases, Ninth Revision, code 151). As part of the planned economy in China, both active and retired study women received all initial medical care through health clinics in their factories. The factories reported all incident cancer diagnoses to the STIB Tumor and Death Registry. For verification of cancer diagnosis, all cancer cases were matched to the Shanghai Cancer Registry on the woman's name, date of birth, cancer site, and diagnosis date. Trained fieldworkers reviewed medical records to confirm the diagnosis for cancer cases that did not match to the registry (16) . We confirmed cancer diagnoses through a cancer registry match or medical record review for 91.2 percent of esophageal cancer cases and 93.3 percent of stomach cancer cases. Women whose cancers were not confirmed were more likely to be older, retired workers. Cases not confirmed by these methods were included in the analyses presented.
A subcohort (n ¼ 3,199) was selected from the entire cohort for comparison with the cancer cases. The subcohort was selected as a stratified random sample of the cohort to match the combined birth-year distribution (in 5-year age strata) of all cancer cases included in a series of nested casecohort studies of multiple cancer sites. One esophageal cancer case and 13 stomach cancer cases were selected for inclusion in the subcohort. 
Data collection
To assess work history in the textile industry, experienced field-workers visited all 503 factories where the study subjects worked and abstracted information regarding all textile-industry jobs that the women had held. The information collected included the textile process involved, a task description, and dates of employment. Data were collected from factory personnel records or interviews with coworkers, supervisors, or subjects. Field-workers collected information from factory personnel records for 79.6 percent of noncases, 75.9 percent of esophageal cancer cases, and 81.2 percent of stomach cancer cases. If subjects were contacted for in-person interviews, they provided oral consent to the field-workers. We were able to collect occupational information for 102 esophageal cancer cases (99.0 percent) and 646 stomach cancer cases (98.9 percent). In the subcohort, 11 women did not have complete information on their work history and were excluded. This resulted in a final comparison group of 3,188 women (99.7 percent).
For each factory where a woman worked, experienced local industrial hygienists collected information regarding the textile processes operated within the factory, manufacturing dates, types of work performed, and hazardous agents present. In addition, the industrial hygienists collected measurement data from historical monitoring records maintained by the Shanghai Municipal Centers for Disease Control or the STIB.
Exposure assessment
A job-exposure matrix was developed for the Shanghai textile industry (K. J. W., unpublished manuscript). The jobexposure matrix was based on a composite of two sources: 1) a-priori assessment of exposures by textile process determined by US industrial hygienists for classification of fiber/process combinations according to the likely presence of various categories of dusts, chemicals, and physical agents; and 2) the prevalence of exposures reported by the Chinese industrial hygienists in specific textile processes within the factory. A positive exposure assignment was indicated in the job-exposure matrix if either assessment indicated that exposure was present. We classified exposure to 23 different chemical or dust groupings (e.g., synthetic fiber dust; mixed fiber dust; solvents; acids, bases, and caustics; bleaching agents; dyes; inks; gases; salts; resins and coatings; metals; and electromagnetic fields/nonionizing radiation). There was sufficient detail in the historical records to allow exposure assignment to 12 specific hazardous agents: cotton, wool, and silica dusts; formaldehyde; benzene; styrene; trichloroethane; tetrachloroethylene; sulfuric and chromic acids; chrome pigment; and acrylonitrile.
In addition, we obtained quantitative data on cotton dust and endotoxin. Details on this assessment are provided elsewhere (19) . Briefly, quantitative assessment of cotton dust exposure was estimated for each specific textile process based on historical measurements made by industrial hygienists from 56 factories between 1975 and 1999. Endotoxin concentrations were estimated using the predicted cotton dust estimates (mg/m 3 ) and average concentrations of endotoxin, in endotoxin units (EUs), per milligram of dust mass (EU/mg dust) in each major process from the studies conducted by Christiani et al. (20, 21) and Olenchock et al. (22) and from additional cotton and endotoxin measurement data collected for this study (19) . These quantitative estimates were combined with each subject's work history for estimation of cumulative historical exposures to cotton dust and endotoxin by years of employment (EU/m 3 3 years). Women who had ever held jobs as machinists or sanitation workers or in wool production were not included in the endotoxin analyses, because measurement data were not available for these processes, which entail potential endotoxin exposure from sources other than cotton dust.
Statistical analyses
We utilized Cox proportional hazards modeling, adapted for the case-cohort design, to estimate relative risks (hazard ratios and 95 percent confidence intervals). The software used was Stata, version 8SE (Stata Corporation, College Station, Texas). A weight of 1 was applied for each case, and weights equal to the reciprocal of the sampling fractions in each 5-year age stratum were applied for all of the noncases in the subcohort (23) . Robust variance estimates were used to calculate the standard error of the hazard ratio (24) . For cases, person-time was contributed from the time of enrollment in the cohort to the time of cancer diagnosis. For noncase subcohort members, person-time was accumulated from the date of enrollment in the original study to the date of death, the date the woman left employment at any factory within the STIB, or December 31, 1998, whichever came first. Risks associated with various textile manufacturing processes were estimated according to duration of employment or exposure (never exposed, <10 years, or 10 years). Risk trends associated with exposures to various dusts and chemical agents were estimated in the same manner. Each exposure variable was added individually to the model. Cumulative exposures to endotoxin and cotton dust were categorized into quartiles according to the distributions of the subcohort members. We also evaluated risks related to endotoxin and cotton dust exposures with lag intervals of 10 years and 20 years to examine possible latency effects. Tests for trend were conducted using the median values of duration within each category for the subcohort. Because subcohort women were not matched to individual cancer cases but were chosen for a study of multiple cancer sites, the age distribution of some of the cancer case groups (e.g., esophageal cancer) differed from that of the subcohort women. The results did not differ when we controlled for age as a continuous or categorical variable. We present results adjusted for age as a continuous variable. All estimates were also adjusted for smoking history (ever/ never) as ascertained at baseline.
RESULTS
Women with esophageal cancer tended to be older, were more likely to be widowed, and were less likely to have ever been pregnant than women in the subcohort (table 1) . Nearly 15 percent of esophageal cancer cases were current or former regular smokers, as compared with only 4.5 percent of the subcohort (hazard ratio (HR) ¼ 2.5, 95 percent CI: 1.4, 4.5). Stomach cancer cases were similar to the subcohort with respect to demographic, lifestyle, and reproductive factors (table 1) .
There were few significantly increased or decreased risks for either cancer associated with work in textile processes (table 2) . A significant trend of increasing risk of esophageal cancer with duration of employment in other textile manufacturing jobs was observed (for 10 years, HR ¼ 4.0, (table 3) . There was also an increased risk of esophageal cancer associated with 10 or more years of exposure to acids, bases, and caustics (HR ¼ 2.3, 95 percent CI: 1.2, 4.6). There were only modestly increased risks of stomach cancer associated with exposure to electromagnetic fields and lubricants, though there were no trends of sharply increasing risk with duration of exposure.
The trends for cotton dust did not indicate consistent associations for either cancer (table 4). Markedly decreased risks of esophageal and stomach cancer were observed in relation to cumulative exposure to endotoxin, and the inverse gradient became more pronounced when exposures were lagged by 20 years (table 5) .
DISCUSSION
Our results indicate that there were increased risks of esophageal cancer associated with exposures to silica dust and metals. These two exposures are often present in other manufacturing processes that are not directly related to fabric and garment manufacturing. The Shanghai textile industry is comprehensive and includes fabric-making, garment assembly, and other manufacturing processes (i.e., metal work, foundry work, welding and forging, cementing, and making steel wire). Exposures to welding dust, lead fumes, * HR, hazard ratio; CI, confidence interval. y Adjusted for age (years; continuous variable) and smoking status (ever/never) at baseline. z ''Other manufacturing'' included metal machining, welding, foundry work, forging, metal finishing, gluing, paperparts formation, wood-shuttle-making, cement production, and steel wire production. and steel were the basis of the metal-exposure category. Only foundry work was classified with exposure to silica dust in the job-exposure matrix. Crystalline silica has been classified as carcinogenic to humans (group 1) by the International Agency for Research on Cancer, mainly because of associations with lung cancer in occupational settings (25) . Previous studies have also suggested a relation between silica dust and esophageal cancer (7, 9) . A case-control study among men in Japan detected a moderately elevated risk (odds ratio ¼ 1.5, 95 percent CI: 0.6, 3.9) of esophageal cancer mortality in relation to silica exposure (9) . A nearly threefold excess risk was detected in a cohort of silica-exposed iron-steel workers in China (7). However, an association between silica dust and esophageal cancer has not been observed consistently (26) . To our knowledge, our study is the only study that has focused on the textile industry. In addition, these prior studies only included men and assessed cancer mortality as the main outcome.
Exposure to silica and metals as assessed in the jobexposure matrix might have been correlated with other potential hazards, specifically exposure to polycyclic aromatic hydrocarbons that were not assessed in the job-exposure matrix. Nonetheless, our results are consistent with findings from studies of esophageal cancer and silica in other industrial settings (6, 7, 9, 11) .
The acids, bases, and caustics category included such chemicals as acetic acid, sulfuric acid, and ammonia hydroxide, which would most likely be used in scouring, bleaching, and dyeing of raw material, yarn, and fabric. The main route of exposure would be either skin contamination or inhalation. Acids might play a role in altering the pH of the esophagus and stomach, resulting in gastroesophageal reflux disease, which is a risk factor for esophageal cancer (27) . Bases and caustics are corrosive, which might alter the epithelial cells of the esophagus or lead to corrosive esophagitis (27) .
The inverse risk gradients observed for the relation between endotoxin exposure and both cancers were unanticipated. The association with endotoxin was stronger for esophageal cancer than for stomach cancer. Endotoxin is a lipopolysaccharide derived from Gram-negative bacteria and is present in high concentrations in cotton dust (28) . Endotoxin elicits a systemic inflammatory response after inhalation that entails the release of macrophages and increases production of inflammatory mediator interleukin 1 and tumor necrosis factor-a (29) . It has been suggested that the anticarcinogenic effect of endotoxin is mediated through activation of macrophages and tumor necrosis factor-a release (28, 30) . There has been a suggestion of acute gastrointestinal effects (i.e., diarrhea and vomiting) due to endotoxin exposure among sewage treatment plant workers, but these effects have not been associated with cancer (31) . The major strengths of this study were the inclusion of a large number of incident cases with confirmed diagnoses, collection of complete work history data on study subjects in the textile industry, and thorough assessment of potential hazards using a job-exposure matrix developed specifically for the textile industry in Shanghai. The main limitation of the study was the absence of quantified exposure data for workplace agents other than cotton dust and endotoxin. Our assessments for other agents, notably silica and metals, were based on expert classification of jobs in different textile processes and industry sectors and on reports of exposure within the factories by industrial hygienists in Shanghai. Thus, there is the possibility of misclassification of exposure. Misclassification is likely to have been nondifferential and would be expected to have biased risk estimates towards the null. Nonetheless, the assessment of textile industry exposures in our study was far more detailed than in previous investigations of cancer risks among textile workers. Moreover, no previous studies have examined exposure-response relations with quantitative estimates of endotoxin and cotton dust in the textile industry.
There were slight differences in the proportions of work history information obtained from the primary source (factory personnel records) for esophageal cancer cases and noncase subcohort women. If we take into account interviews with supervisors as the next least-biased source of work history information, nearly 90 percent of work history information for both noncases and esophageal cases was obtained from personnel records or interviews with factory supervisors. It is unlikely that interviews with supervisors, coworkers, or the subjects themselves would have resulted in recall bias. Interviewees were asked specifically about the work the woman conducted in the textile mill but were not asked about exposures to specific agents.
It is unlikely that the results for endotoxin, which causes acute respiratory and gastrointestinal symptoms, were affected by a healthy worker survivor bias caused by selective transfer from jobs with heavy exposure. Movement in the industry was constrained prior to 1994, and subcohort women and both case groups had held a median of two jobs during their lifetime work in the textile industry (data not shown). When we conducted separate analyses restricted to women who had worked in only one job, the results for endotoxin and cotton dust were not materially different from those for the entire study population (data not shown).
To our knowledge, this is the most comprehensive investigation yet undertaken of the relation between exposures in the textile industry and the risks of esophageal cancer and stomach cancer. Some of the exposures assessed in this analysis, especially silica, metals, and endotoxin, are not unique to the textile industry and might influence risks of esophageal cancer and stomach cancer in other industries. The inverse risk gradients associated with endotoxin exposure observed in this study will need to be replicated before firm conclusions can be reached regarding protective effects.
